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BASIC-ABSTRACT: The composite board comprises (I) a brittle 
baseboard; (II) a 

first FRP (fibre-reinforced plastic) layer comprising reinforcing 
fibre 

orientated at least mon-directionally and impregnated resin; and 
(III) a second 

FRP layer comprising reinforcing fibre woven into cloth and 
impregnated resin. 

Also claimed is formation of a composite board by (a) forming a 
brittle 

baseboard; (b) forming a reinforcing fibre sheet prepd. by 
adhesively bonding a 

base sheet in the form of woven cloth with monodirectionally 
orientated fibre; 

(c) positioning the reinforcing fibre sheet onto the surface of 
the brittle 



baseboard and (c) coating the matrix resin onto the outer surface 
of the 

reinforcing fibre sheet to impregnate the matrix resin into the 
reinforcing 

fibre to harden the resin. 

The brittle board is, e.g., a ceramic board, thin marble board, 
tile or thin 
concrete board. 

ADVANTAGE - Composite board has a sufficient impact resistance 
and bending 

strength even when the brittle board has a thickness of upto 5 
mm. 

Furthermore, it has improved workability and reduced wt. 
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(Claims) 

(Claim 1) Composite board so characterized that at least a first 
fiber-reinforced resin layer having resin impregnated into reinforced 
fiber arrayed in one direction and a second fiber-reinforced resin layer 
having resin impregnated into reinforced fiber woven into cloth are 
laminated onto one side of a plate-shaped brittle substrate. 

(Claim 2) Manufacture of composite board so characterized that (a) 
a plate-shaped brittle substrate is prepared, (b) a reinforced fiber 
sheet is prepared that is comprised by adhering reinforced fiber arrayed 
in one direction to a support sheet comprised of reinforced fiber woven 
into cloth by way of an adhesive layer, (c) the above-mentioned 
reinforced fiber sheet is positioned on one side of the above-mentioned 
brittle substrate, and (d) a matrix resin is coated onto the outer side 
of the above-mentioned reinforced fiber sheet, and matrix resin is 
impregnated into the above-mentioned support sheet and the above- 
mentioned reinforced fiber and cured. 

(Claim 3) Manufacture of composite board so characterized that (a) 
a plate-shaped brittle substrate is prepared, (b) a reinforced fiber 
sheet is prepared that is comprised by adhering reinforced fiber arrayed 
in one direction to a support sheet comprised of reinforced fiber woven 
into cloth by way of an adhesive layer, (c) a matrix resin is coated 
onto one side of the above-mentioned reinforced fiber sheet, then the 
above-mentioned reinforced fiber sheet is pasted to the above-mentioned 
brittle substrate with this side against one side of the above-mentioned 
brittle substrate, and (d) a matrix resin is coated onto the outer side 
of the above-mentioned reinforced fiber sheet, and matrix resin is 
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impregnated into the above-mentioned support sheet and the above- 
mentioned reinforced fiber and cured. 
(Detailed Description of the Invention) 

(Industrial Field of Application) This invention pertains to a 
composite board that has fiber-reinforced resin layers pasted onto the 
front or back side of a brittle board such as a ceramic board, marble or 
other natural rock thin plate, tile, or a thin concrete slab, has great 
shock resistance and bending strength, has thin board thickness and can 
be made lighter in weight, and can be used ideally for applications such 
as interior or exterior construction paneling, floors, table tops, or 
doors . 

(Prior Art) In recent years, materials such as ceramic boards, 
marble or other natural rock thin plates, tile, or thin concrete slabs 
have come to be used for applications such as interior or exterior 
construction paneling, floors, table tops, or doors. These materials, 
however, have high specific gravity and are expensive. Therefore, to 
decrease weight and improve handling, as well as to reduce material 
cost, transport cost, or processing cost, it is desirable that their 
thickness be as thin as possible. Making these materials thin, however, 
produces the problems that they become brittle, have reduced shock 
resistance, and require considerable care in handling. 

To solve such problems, Japan Kokai Patent No. 63-222850 offers a 
composite board in which FRP prepreg tape formed by impregnating resin 
into fiberglass tape is pasted as a reinforcing fiber onto one side of 
a brittle board of this type that is about 10 mm thick. 

(Problems that the Invention is to Solve) However, according to 




research results by the present inventors, it was discovered that the 
brittle board in the composite board constructed in this way disclosed 
by this patent must be at least about 10 mm thick to obtain adequate 
shock resistance. For example, when the brittle board is less than 5 mm 
thick, not only is it unable to obtain adequate shock resistance, it 
also has markedly reduced bending strength. 

Therefore, the purpose of this invention is to offer a composite 
board and manufacture thereof that can achieve adequate shock resistance 
and bending strength, improved handling, and reduced weight even using 
a brittle board that is, for example, less than 5 mm thick. 

(Means of Solving the Problems) The purpose given above is realized 
by the composite board and manufacture thereof with which this invention 
is concerned. Stated briefly, this invention is a composite board so 
characterized that at least a first fiber-reinforced resin layer having 
resin impregnated into reinforced fiber arrayed in one direction and a 
second fiber-reinforced resin layer having resin impregnated into 
reinforced fiber woven into cloth are laminated onto one side of a 
plate-shaped brittle substrate. 

Such a composite board can be manufactured ideally by manufacture 
so characterized that (a) a plate-shaped brittle substrate is prepared, 
(b) a reinforced fiber sheet is prepared that is comprised by adhering 
reinforced fiber arrayed in one direction to a support sheet comprised 
of reinforced fiber woven into cloth by way of an adhesive layer, (c) 
the above-mentioned reinforced fiber sheet is positioned on one side of 
the above-mentioned brittle substrate, and (d) a matrix resin is coated 
onto the outer side of the above-mentioned reinforced fiber sheet, and 
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matrix resin is impregnated into the above-mentioned support sheet and 
the above-mentioned reinforced fiber and cured. 

As another method, the composite board of this invention can be 
manufactured ideally by manufacture so characterized that (a) a plate- 
shaped brittle substrate is prepared, (b) a reinforced fiber sheet is 
prepared that is comprised by adhering reinforced fiber arrayed in one 
direction to a support sheet comprised of reinforced fiber woven into 
cloth by way of an adhesive layer, (c) a matrix resin is coated onto one 
side of the above-mentioned reinforced fiber sheet, then the above- 
mentioned reinforced fiber sheet is pasted to the above-mentioned 
brittle substrate with this side against one side of the above-mentioned 
brittle substrate, and (d) a matrix resin is coated onto one side of the 
above-mentioned reinforced fiber sheet, and matrix resin is impregnated 
into the above-mentioned support sheet and the above-mentioned 
reinforced fiber and cured. 

(Working Examples) Next, the composite board and manufacture 
thereof of this invention are explained in greater detail conforming to 
the figures . 

As shown, for example, in Figure 1, composite board (10) of this 
invention has first fiber-reinforced resin layer (102) and second fiber- 
reinforced resin layer (104) laminated onto the front or back side of a 
plate-shaped brittle substrate, namely brittle board (100) , such as 
ceramic board, marble or other natural rock thin plate, tile, or thin 
concrete slab. Thickness (T) of brittle board (100) can be as thin as 
possible. For example, a board comprised of ceramic or marble can be 
used that is as thin as about 2 to 4 mm. 
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In addition, first fiber-reinforced resin layer (102) is formed by 
impregnating resin (matrix resin) (6) into reinforced fiber arrayed in 
one direction (2) , and second fiber-reinforced resin layer (104) is 
formed by impregnating resin (matrix resin) (6) into reinforced fiber 
woven into cloth (fabric) (4) . 

For reinforced fiber (2) used in the above-mentioned first fiber- 
reinforced resin layer (102) , carbon fiber is most preferred, but for 
example, one type selected from inorganic fibers such as boron fiber, 
glass fiber, alumina fiber, silicon carbide fiber, or silicon nitride 
fiber; organic fibers such as alumide fiber, polyallylate fiber, 
polyethylene fiber, or polyester fiber; or metallic fibers such as 
titanium fiber, amorphous fiber, or stainless steel fiber can also be 
used. Alternately, a hybrid mode comprised of several types can be used. 
In addition, cloth reinforced fiber (4) used in the above-mentioned 
second fiber-reinforced resin layer (104) is preferably an organic fiber 
such as alumide fiber, polyallylate fiber, polyethylene fiber, or 
polyester fiber made into cloth. 

Normally, the same resin is used for matrix resin (6) impregnated 
into reinforced fibers (2) and (4) used in first and second fiber- 
reinforced resin layers (102) and (104) . For example, a thermosetting 
matrix resin such as epoxy resin, unsaturated polyester resin, 
polyurethane resin, diallyl phthalate resin, or phenolic resin can be 
used. Furthermore, an appropriate amount of curing agent and other 
additives such as imparting agents are added such that this can cure at 
a curing temperature of 50 to 200°C, and preferably room temperature. 

To cite preferred examples, this matrix resin is preferably an 
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epoxy resin. Examples of epoxy resins that can be used are one type or 
several types selected from (1) glycidyl ether epoxy resins (Bisphenol 
A, F, and S epoxy resins, Novolak epoxy resins, brominated Bisphenol A 
epoxy resins); (2) cyclic aliphatic epoxy resins; (3) glycidyl ester 
epoxy resins; (4) glycidyl amine epoxy resins such tetraglycidyl 
diaminodiphenylmethane or tr iglycidyl -p-aminophenol ; ( 5 ) heterocyclic 
epoxy resins; and other epoxy resins. Bisphenol A, F, and S glycidyl 
amine epoxy resins are especially ideal. For the curing agent, curing 
agents such as dicyandiamide (DICY) , diaminodiphenylsulf one (DDS) , 
diaminodiphenylmethane (DDM) , and acid anhydrides such as 
hexahydrophthalic anhydride (HHPA) or methylhexahydrophthalic anhydride 
(MHHPA) are used, but amine curing agents are especially ideal. 

The content ratio of matrix resin (6) impregnated into reinforced 
fibers (2) and (4) used in first and second fiber-reinforced resin 
layers (102) and (104) can be adjusted as desired, but normally is a 
ratio of 20 to 70 wt% reinforced fiber to 80 to 30 wt% matrix resin. In 
addition, thickness (T a ) and (T 2 ) of each of fiber-reinforced resin 
layers (102) and (104) can be as thin as close to the diameter of the 
reinforced fiber used, but normally is about 50 to 1000 jim. 

Because composite board (10) constructed in this way with which 
this invention is concerned has first fiber-reinforced resin layer (102) 
having reinforced fiber arrayed in one direction (2) and second fiber- 
reinforced resin layer (104) having reinforced fiber cloth (4) laminated 
onto brittle board (100) , it has markedly improved shock resistance and 
bending strength. As a result, the thickness of the brittle board used 
can be reduced to half or less compared to a composite board in which 
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FRP prepreg tape formed by impregnating resin into fiberglass tape is 
pasted as a reinforcing fiber onto one side of a brittle board that is 
about 10 mm thick as described in Japan Kokai Patent No. 63-222850 cited 
above. In addition, thickness (T x + T 2 ) of first and second fiber- 
reinforced resin layers (102) and (104) is a maximum of about 0.5 to 2 
mm, and does not lead to increased weight. 

Although composite board (10) constructed as described above with 
which this invention is concerned can be manufactured by any method 
desired, ideally, it is manufactured by the methods explained below: 

According to manufacturing following this invention, as shown in 
Figure 2, first, reinforced fiber sheet (1) is prepared that is 
comprised by adhering reinforced fiber arrayed in one direction (2) to 
a support sheet comprised of reinforced fiber woven into cloth (4) by 
way of adhesive layer (6') . 

To explain this further, a resin-permeable cloth such as screen 
cloth or glass cloth is used as support sheet (4) . Therefore, as 
explained in detail below, resin, namely matrix resin (6) , can 
impregnate into this support sheet (4) and reinforced fiber (2) from the 
support sheet (4) side. Support sheet (4) must be thick enough to allow 
flexibility and still have enough strength to support reinforced fiber 
(2) . From this standpoint, this thickness is 1 to 500 /xm, and preferably 
about 5 to 100 ^tm. 

For the adhesive that forms adhesive layer (6') , as a rule, any 
adhesive can be used so long as it can adhere reinforced fiber (2) onto 
support sheet (4) at least temporarily, but preferably, this adhesive 
has a comparable effect on the adhesive layer to the reinforcing effect 
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produced by matrix resin (6) . From this standpoint, an adhesive that has 
good miscibility with matrix resin (6) is used for adhesive layer (6') . 
For example, when an epoxy resin is used for matrix resin (6) , an epoxy 
adhesive may be used. Because adhesive layer (6') need only be thick 
enough to adhere reinforced fiber (2) onto support sheet (4) 
temporarily, this thickness may be 5 to 100 /im, and preferably about 10 
to 3 0 /xm. 

Using reinforced fiber (2) as filaments, many fiber bundles bundled 
by a bundling agent or many fiber bundles bundled by twisting are 
aligned on top of adhesive layer (6') and lightly loosened by squashing 
from above. As a result, having been stacked in several layers and 
bonded by a bundling agent or twisting, reinforced fiber (2) is adhered 
arrayed in one direction onto support sheet (4) by way of adhesive layer 
(6') , and the desired reinforced fiber sheet (1) is thus obtained. 

During this process, fiber bundles (2') may be densely aligned in 
one direction on top of support sheet (4) by way of adhesive layer (6') 
as shown in Figure 3 (a) and the lower part of fiber bundles (2') adhered 
to adhesive layer (6') by squashing fiber bundles (2') from above such 
that reinforced fiber (2) is installed horizontally and densely without 
gaps on top of support sheet (2) as shown in Figure 3(b), or fiber 
bundles (2') may be aligned horizontally in one direction with gaps on 
top of support sheet (4) by way of adhesive layer (6') as shown in Figure 
4 (a) and the lower part of fiber bundles (2') adhered to adhesive layer 
(6') by squashing fiber bundles (2') from above in the same way such that 
reinforced fiber (2) is installed horizontally and sparsely leaving gaps 
on top of support sheet (2) as shown in Figure 4(b). 
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Fiber bundles (2') can be used either opened or not opened between 
fibers; that is, between filaments. The degree of squashing of fiber 
bundles (2') can be set as desired, but when carbon fiber is used as 
reinforced fiber (2) , for example, using carbon fiber bundles comprised 
by bundling about 12,000 carbon fiber filaments measuring 5 to 15 fxm in 
diameter, the example may be cited of squashing this such that it 
measures about 5 mm in horizontal width. 

As shown in Figure 5, reinforced fiber sheet (1) fabricated in this 
way is pasted such that reinforced fiber arrayed in one direction (2) of 
said reinforced fiber sheet (1) faces the side taken as the front or 
back side of brittle board (100) that is coated with primer (6") 
comprised of the same type of resin as matrix resin (6) . Preferably, 
primer (6") is coated ahead of time onto the side of brittle board (100) 
on which reinforced fiber sheet (1) is positioned, but in some cases, 
this can be omitted. 

Furthermore, matrix resin (6) is coated from the support sheet (4) 
side by a means such a roller onto the outer side of reinforced fiber 
sheet (1) positioned on brittle board (100) . As a result, matrix resin 
(6) permeates through support sheet (4) , and impregnates as far as 
reinforced fiber (2) . Next, reinforced fiber sheet (1) impregnated with 
resin is held compressed against brittle board (100) by an appropriate 
means, and matrix resin (6) is cured by heating as required. 

As a result, composite board (10) is formed that has first fiber- 
reinforced resin layer (102) having resin (6) impregnated into 
reinforced fiber arrayed in one direction (2) and second fiber- 
reinforced resin layer (104) having resin (6) impregnated into 
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reinforced fiber woven into cloth (4) laminated onto one side of brittle 
board (100) as shown in Figure 1. 

The working example described above was explained for the case of 
one reinforced fiber sheet (1) laminated to brittle board (100) , but 
several reinforced fiber sheets (1) can be laminated together as 
required. In this case, the reinforced fiber sheets (1) laminated can be 
laminated in different directions such that reinforced fiber arrayed in 
one direction (2) is positioned in different directions. In addition, 
reinforced fiber sheet (1) was pasted and laminated such that the side 
with reinforced fiber arrayed in one direction (2) was against brittle 
board (100) , but this also may be pasted and laminated such that the 
side with support sheet (4) is against brittle board (100) . 

Furthermore, as another working example, first, matrix resin (6) is 
coated by an appropriate coating means such as roller, brush, or 
spraying and impregnated into reinforced fiber arrayed in one direction 
(2) or support sheet (4) on top of reinforced fiber sheet (1) . Next, one 
sheet or the number of sheets desired of reinforced fiber sheet (1) is 
pasted and laminated onto one side of a brittle board that has been 
coated as required with a primer, then a matrix resin is coated by a 
means such as a hand-roller onto the outer side of reinforced fiber 
sheet (s) (1), and the same impregnation operation is performed. 

When a room- temperature -curing resin such as an epoxy resin that is 
adjusted in content of curing agent so as to cure at room temperature is 
used as the matrix resin in this invention, there is no need for a 
heating means or the like, and manufacture is simplified. 

According to the manufacture of composite board (10) explained 
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above, this method obtains the advantage in terms of manufacture that 
both the pressing force against brittle board (100) and the heating 
means for curing can be simplified compared to when a composite board is 
manufactured by laminating a prepreg. In addition, even when brittle 
board (100) is curved, because reinforced fiber sheet (1) can be 
positioned along this curved surface before impregnating with matrix 
resin (6) , this method obtains the advantage that ease of operation is 
improved and the sheet can be positioned accurately. 

Next, composite board (10) of this invention is explained 
concretely by working examples . 
Working Example 1 

A ceramic board measuring 600 x 600 mm height x width and 4 mm in 
thickness was used as brittle board (100) , and reinforced fiber sheet 
(1) was fabricated as follows: 

30 fxm thick glass cloth (trade name: KS-1020, manufactured by 
Kanebo, Ltd.) was used for support sheet (4), and epoxy resin was coated 
on top of this as adhesive layer (6') at a ratio of exactly 20 g/m 2 . 

7.0 {im diameter PAN-type carbon fiber (trade name: "T-300, n 
manufactured by Toray Industries) was used for reinforced fiber (2) , and 
12,000 of these carbon fibers were bundled to form carbon fiber bundle 
(2') . These carbon fiber bundles (2') were arrayed on top of the above- 
mentioned support sheet (4) at a spacing of 4 . 6 mm, carbon fiber bundles 
(2') were squashed from above such that they measured about 5 mm in 
horizontal width, and carbon fiber (2) was evenly arrayed on top of 
support sheet (4) . 

Primer (6") was coated onto one side of the above-mentioned brittle 
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board (100) , and the above-mentioned reinforced fiber sheet (1) was 
pasted such that carbon fiber (2) faced this side. Furthermore, matrix 
resin (6) was coated by a roller onto the support sheet (4) side, and 
impregnated as far as carbon fiber (2) . A room- temperature -curing type 
epoxy resin (trade name: FR resin (FR-E3) , manufactured by Tonen Co., 
Ltd.) was used for matrix resin (6) . 

Matrix resin (6) was cured by leaving in this state overnight. The 
content ratio of reinforced fiber to matrix resin in first and second 
fiber-reinforced resin layers (102) and (104) of composite board (10) 
fabricated in this way was reinforced fiber to matrix resin = 40:60 wt% 
in first fiber-reinforced resin layer (102) , and reinforced fiber to 
matrix resin = 30:70 wt% in second fiber-reinforced resin layer (104). 
The thickness of first and second fiber-reinforced resin layers (102) 
and (104) was first fiber-reinforced resin layer (102) : T 1 = 320 /xm, and 
second fiber-reinforced resin layer (104) : T 2 = 60 /xm. 

When a bending test was conducted on this composite board (10) , it 
had bending strength (2.4 kgf/mm 2 ) that was 6.7 times the bending 
strength (0.36 kgf/mm 2 ) of 4 mm thick ceramic board (100) by itself. In 
addition, in an impact test, ceramic board (100) broke, but composite 
board (10) of this working example did not break. 

Moreover, the bending test in this working example was conducted by 
cutting composite board (10) into a 20 x 150 mm sample piece such that 
reinforced fiber arrayed in one direction (2) was aligned lengthwise, 
placing this sample piece on 2 mm diameter support bars spaced every 100 
mm, then pressing a 5 mm diameter head against the center of the sample 
piece by way of a 3 . 5 mm diameter Teflon plate, and compressing at a 



head speed of 2 mm/min. 

The impact test was conducted by placing 600 x 600 mm composite 
board (10) on 2 mm diameter support bars spaced every 100 mm lengthwise 
along reinforced fiber arrayed in one direction (2) , and dropping a 
steel ball weighing 500 g from a height of 300 mm onto the center of 
this test piece. 
Comparative Example 1 

A composite board was fabricated by pasting the glass cloth used in 
Working Example 1 onto one side of the same ceramic board (100) as in 
Working Example 1 and impregnating with the same room- temperature -curing 
type epoxy resin as in Working Example 1. Matrix resin (6) was cured by 
leaving in this state overnight. 

The content ratio of reinforced fiber to matrix resin in the fiber- 
reinforced resin layer of the composite board fabricated in this way was 
reinforced fiber to matrix resin = 40:60 wt%. The thickness of the 
fiber-reinforced resin layer was 320 fxra. 

A bending test and impact test were conducted on this composite 
board by the same method as in Working Example 1 . As a result, this 
composite board had bending strength (1.0 kgf/mm 2 ) that was only 2.8 
times the bending strength (0.36 kgf/mm 2 ) of the ceramic board by itself, 
and had low reinforcing effect compared to the working example. 
Comparative Example 2 

The carbon fiber bundles used in Working Example 1 were arrayed on 
one side of the same ceramic board (100) as in Working Example 1 at a 
spacing of 4 . 6 mm, and the carbon fiber bundles were squashed from above 
such that they measured about 5 mm in horizontal width and were evenly 
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arrayed. Next, a composite board was fabricated by impregnating the same 
room-temperature- curing type epoxy resin as in Working Example 1 into 
the carbon fiber. Matrix resin (6) was cured by leaving in this state 
overnight . 

The content ratio of reinforced fiber to matrix resin in the fiber- 
reinforced resin layer of the composite board fabricated in this way was 
reinforced fiber to matrix resin = 40:60 wt%. The thickness of the 
fiber-reinforced resin layer was 320 fim. 

A bending test and impact test were conducted on this composite 
board by the same method as in Working Example 1 . As a result, this 
composite board had bending strength (2.5 kgf/mm 2 ) that was 6.9 times the 
bending strength (0.36 kgf/mm 2 ) of the ceramic board by itself, but it 
broke in the impact test, and so did not achieve an adequate reinforcing 
effect. 

(Effects of the Invention) The composite board constructed as 
described above with which this invention is concerned can achieve 
adequate shock resistance and bending strength, improved handling, and 
reduced weight even using a brittle board that is, for example, less 
than 5 mm thick. In addition, according to the manufacture of a 
composite board following this invention, the pressing means and heating 
means can be simplified. Moreover, there are no problems even when the 
brittle board is curved, for example, and a composite board can be 
manufactured under extremely ideal conditions. 
(Brief Explanation of the Figures) 

Figure 1 is a schematic section of one working example of the 
composite board with which this invention is concerned. 
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Figure 2 is a schematic section of a reinforced fiber sheet used to 
manufacture a composite board of this invention. 

Figure 3 is a schematic section that illustrates manufacture of a 
reinforced fiber sheet. 

Figure 4 is a schematic section that illustrates manufacture of a 
reinforced fiber sheet. 

Figure 5 is a schematic section that illustrates one working 
example of manufacture of a composite board of this invention. 
(Key to Part Numbers) 

1 reinforced fiber sheet 

2 reinforced fiber arrayed in one direction 
4 reinforced fiber cloth (support sheet) 

6 matrix resin 
6' adhesive layer 
6" primer 
100 brittle board 

102 first fiber-reinforced resin layer 
104 second fiber-reinforced resin layer 
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(54) [TITLE OF THE INVENTION] 

COMPOSITE PLATE MATERIAL AND ITS MANUFACTURE 
(57) [ABSTRACT] 

[PURPOSE] To provide a composite plate material and a 
manufacture therefor which can display a sufficient shock 
resistance and bending strength even when the thickness of 
a fragile plate material is not larger than 5 mm, and 
improve the handling convenience and reduce the weight, 

[CONSTITUTION] A first fiber-reinforced resin layer 102 and 
a second fiber-reinforced resin layer 104 are laminated on 
the front or rear surface of a fragile plate material 100 




such as a ceramic plate material, a thin sheet of natural 
stone such as marble, a tile or concrete thin sheet, etc. 
The first fiber-reinforced resin layer 102 is formed by 
impregnating with a resin (matrix resin) 6 reinforcing 
fibers 2 orientated in one direction, while the second 
fiber-reinforced resin layer 104 is formed by impregnating 
with the resin (matrix resin) 6 reinforcing fibers 4 
interwoven into a cloth (fabric) . 
[CLAIMS] 

[CLAIM 1] A composite plate material characterised in that 
it is formed by laminating a first fiber-reinforced resin 
layer, wherein the reinforcing fibers are impregnated with 
a resin, and are arranged in at least one direction onto a 
side of a fragile plate-shaped base, and a second fiber- 
reinforced resin layer, wherein the reinforcing fibers are 
interwoven into a cloth (fabric), and impregnated with a 
resin, 

[CLAIM 2] A manufacturing method of a composite plate 
material, characterised in that: (a) a fragile plate-shaped 
base is prepared; (b) a reinforcing fiber sheet is formed, 
by adhering, by means of an adhesive layer, reinforcing 
fibers orientated in one direction onto a supporting sheet, 
made of reinforcing fibers interwoven into a cloth; (c) 
said reinforcing fiber sheet is positioned onto a side of 
said fragile base plate; (d) a resin matrix is applied onto 
the outer surface of said reinforcing fiber sheet, arid said 
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supporting and reinforcing fiber sheets are subsequently 
impregnated with the resin matrix and hardened. 
[CLAIM 3] A manufacturing method of a composite plate 
material characterised in that: (a) a fragile, plate-shaped 
base is prepared; (b) a reinforcing fiber sheet is formed 
by adhering, by means of an adhesive layer, reinforcing 
fibers orientated in one direction onto a supporting sheet, 
composed of reinforcing fibers interwoven into a cloth; (c) 
after the matrix resin has been positioned onto a side of 
said fragile base plate, said reinforcing fiber sheet is 
adhered onto said base plate by facing the former to a side 
of said fragile base plate surface; (d) a resin matrix is 
applied onto the outer surface of said reinforcing fiber 
sheet, and said supporting and reinforcing fiber sheets are 
subsequently impregnated with the resin matrix and 
hardened. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] The present invention relates to a 
composite plate material, wherein a fiber-reinforced resin 
layer is adhered onto the front or the rear surface of a 
fragile plate material such as a ceramic plate material, a 
thin sheet of natural stone such as marble, a tile or 
concrete thin sheet, etc., having a remarkable shock 
resistance and bending strength. Moreover, since the plate 
material can be very thick, the weight thereof can be 
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further reduced, thus being suitable for interior and 
exterior trims of buildings, floorings, table top boards, 
doors, etc. 
[0002] 

[PRIOR ART] In recent years, ceramic plate materials, thin 
sheets of natural stone such as marble, tiles or concrete 
thin sheets, etc. have been utilised as interior and 
exterior trims of buildings, flooring, table top boards, 
doors, etc., however such materials have a high specific 
weight, and furthermore are expensive. Hence, the 
attainment of a minimum material thickness is desirable in 
order to reduce the weight and to improve the handling 
convenience thereof, concurrently cutting the material 
costs, as well as the transport and working costs thereof. 
However, reducing the thickness of the material entails a 
decrease in the shock resistance thereof, and the material 
becomes fragile, thus requiring great care in handling. 
[0003] In order to overcome those drawbacks, JP Sho 63- 
222850 teaches a composite plate material, wherein a FRP 
pre-impregnated tape, impregnated with a resin using glass 
fiber as reinforcing fiber, is adhered onto a 10 mm thick 
side of such fragile plate material. 
[0004] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] However, tests 
carried out by the present inventors highlighted that, in 
order to provide a sufficient shock resistance, the 
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thickness of a composite plate material having the 
aforementioned taught structure should be of at least 10 
mm; e.g., in case of a fragile plate material wherein the 
thickness is of less than 5 mm, not only its shock 
resistance tested insufficient, the bending strength 
thereof was remarkably reduced as well. 

[0005] Therefore, a purpose of the present invention is 
that of providing a composite plate material and 
manufacture therefor which can display sufficient shock 
resistance and bending strength even when the thickness of 
a fragile plate material is not larger than 5 mm, and 
improve the handling convenience and reduce the weight. 

[0006] 

[MEANS TO SOLVE THE PROBLEMS] The abovementioned purpose is 
attained by means of the composite plate material and of 
the manufacture thereof according to the present invention. 
In short, the present invention consists of a composite 
plate material characterised in that a first fiber- 
reinforced resin layer formed impregnating with a resin 
reinforcing fibers arranged in at least one direction, and 
a second fiber-reinforced resin layer formed impregnating 
with a resin reinforcing fibers interwoven into a cloth, 
are laminated onto a side of a plate-shaped fragile base. 
[0007] Preferably, such composite plate material can be 
manufactured according to a manufacturing process 
characterised in that: (a) a fragile plate-shaped base is 




prepared beforehand; (b) a reinforcing fiber sheet formed 
by adhering, by means of an adhesive layer, reinforcing 
fibers orientated in one direction onto a supporting sheet, 
made of reinforcing fibers interwoven into a cloth; (c) 
said reinforcing fiber sheet is positioned onto a side of 
said fragile base plate; (d) a resin matrix is applied onto 
the outer surface of said reinforcing fiber sheet, and said 
supporting and reinforcing fiber sheets are subsequently 
impregnated with the resin matrix and hardened. 
[0008] Alternatively, said composite plate material can 
also preferably be manufactured according to a 
manufacturing process characterised in that: (a) a fragile 
plate-shaped base is prepared beforehand; (b) a reinforcing 
fiber sheet is formed, by adhering, by means of an adhesive 
layer, reinforcing fibers orientated in one direction onto 
a supporting sheet, composed of reinforcing fibers 
interwoven into a cloth; (c) after the matrix resin has 
been positioned onto a side of said fragile base plate, 
said reinforcing fiber sheet is adhered onto said base 
plate by facing the former to a side of said fragile base 
plate surface; (d) a resin matrix is applied onto the outer 
surface of said reinforcing fiber sheet, and said 
supporting and reinforcing fiber sheets are subsequently 
impregnated with the resin matrix and hardened. 
[0009] 
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[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS] 
The composite plate material and its manufacture according 
to the present invention will hereinafter be described in 
detail making reference to the annexed drawings. 
[0010] The composite plate material 10 according to the 
present invention is formed laminating a first fiber- 
reinforced resin layer 102 and a second fiber-reinforced 
resin layer 104 on the front or rear surface of a fragile 
plate 100, such as a ceramic plate material, a thin sheet 
of natural stone such as marble, or a tile or a concrete 
thin sheet, and the like. The sole limitations of the 
thickness (T) of the plate material 100 are those inherent 
to the manufacturing process, e.g., even a 2-4 mm thickness 
can be utilised in a ceramic or marble plate material. 
[0011] Moreover, the first fiber-reinforced resin layer 102 
is formed impregnating with the resin (matrix resin) 6 the 
reinforcing fibers 2 orientated in one direction, and the 
second fiber-reinforced resin layer 104 is formed 
impregnating with resin (matrix resin) 6 the reinforcing 
fibers 4 interwoven into a cloth (fabric) . 
[0012] Preferably, carbon fibers are adopted as the 
reinforcing fibers 2 utilised in the abovementioned fiber- 
reinforced res;in layer 102, however inorganic fibers like 
boron fibers, glass fibers, alumina fibers, silicon carbide 
fibers, silicon nitride fibers, etc., and organic fibers 
like aramid fibers, polyarylate fibers, polyethylene 
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fibers, polyester fibers, or metallic fibers like titanium 
fibers, amorphous fibers, stainless steel fibers, etc., or 
hybrid fibers made of a mixture thereof can be utilised as 
well. Furthermore, in the second fiber-reinforced resin 
layer 104, preferably carbon fibers, glass fibers, or 
organic fibers like aramid fibers, polyarylate fibers, 
polyethylene fibers, polyester fibers can be utilised as 
reinforcing fibers 4 of the cloth. 

[0013] The matrix resin 6 that impregnates the reinforcing 
fiber 2 and 4 in the first and second fiber-reinforced 
resin layers 102 and 104 can be a common resin, e.g. 
thermoset matrix resins like epoxy resins, unsaturated 
polyethylene resins, polyurethane resins, diarylphtalate 
resins, phenolic resins, etc., can be utilised. 
Furthermore, hardening agents or other additives, e.g. 
additives providing bendability can be added in order to 
satisfy specific needs in order to obtain a hardening with 
a temperature preferably comprised in the range 50-200 °C, 
more preferably with a uniform temperature. 
[0014] A preferred embodiment can be realised using an 
epoxy resin as matrix resin, e.g., among suitable epoxy 
resins there can be (1) glycidyl ether type epoxy resins 
(bisphenol A, F, S, type epoxy resins; novolac type epoxy 
resins; bromate bisphenol A type epoxy resins); (2) epoxy 
resins belonging to the cyclic fats group; (3) glycidyl 
ester type epoxy resins; (4) glycidyl amine-type epoxy 
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resins, tetra-glycidyl amino diphenol methane, tri 
glycidil-p-amino phenol epoxy resins, etc.; (5) cyclic 
epoxy resins made of various elements; one or more epoxy 
resins selected among the above-mentioned ones can be 
utilised; in particular, preferably bisphenol A, S,F, 
glycidyl amine- type epoxy resins are utilised. Moreover, 
amine-type hardening agents like dicyanamide (DICY) , 
di amino diphenol sulphone (DDS) , diamino diphenol methane 
(DDM) , acidic anhydrides like hexa hydro phthalic anhydride 
(HHPA) , methyl hexa hydro phthalic anhydride (MHHPA) can be 
utilised, however, more preferably hardening agents of the 
amine group are utilised. 

[0015] Moreover, the combination ratio of reinforcing 
fibers 2 and 4 contained in the first and second fiber- 
reinforced resin layers 102 and 104 can be set according to 
the specific needs, however usually the weight percentage 
is set according to the following proportion: 

reinforcing fibers : matrix resins = 20-70 : 80-30; 
furthermore, the thicknesses (T a ) and (T 2 ) of each fiber- 
reinforced resin layer 102 and 104 can match the diameter 
of the reinforcing fibers utilised, however usually it is 
set within a 50~1000}im range. 

[0016] In a composite plate material 10 according to the 
present invention thus manufactured, both the shock 
resistance and the bending strength thereof are remarkably 
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enhanced thanks to the laminating of the first fiber- 
reinforced resin layer 102, having the reinforcing fibers 2 
orientated in one direction, and of the second fiber- 
reinforced resin layer 104, having the reinforcing fibers 
cloth 4, onto a fragile plate material 100. Thus, the 
thickness of the adopted fragile plate material is reduced 
of more than 50% compared to the aforementioned composite 
plate material taught in JP Sho 63-222850, wherein a FRP 
tape, obtained by impregnating a glass fiber (as 
reinforcing fibers) tape with resin, was adhered to a 10 mm 
thick surface of a composite plate material. Moreover, a 
weight increase is avoided since also the total thickness 
(Ti+T 2 ) of the first and second fiber-reinforced resin 
layers 102, 104 does not exceed 0.5-2 mm. 
[0017] The composite plate material 10 manufactured 
according to the present invention can be formed according 
to several manufacturing processes; hereinafter one 
preferable manufacturing process thereof is disclosed. 
[0018] According to the manufacture in accordance with the 
present invention, firstly, as shown in Fig. 2, a 
reinforcing fiber sheet 1, formed by adhering with an 
adhesive layer 6' the reinforcing fibers 2 orientated in 
one direction onto a supporting sheet made of reinforcing 
fibers 4 interwoven into a cloth, is prepared. 
[0019] More specifically, as supporting sheet resin- 
permeable screen cloths, glass cloths, or the like are 
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utilised. Therefore, as it will hereinafter be detailed 
later, said supporting sheet 4 and the reinforcing fibers 2 
can be impregnated with resin, i.e. the matrix resin 6, 
from the side of the supporting sheet 4. The thickness of 
the supporting sheet 4 should be comprised within an 
l-SOOpm range, preferably in a 5~50um range, because the 
reinforcing fibers 2 should be flexible, concomitantly 
having a sufficient supporting strength. 

[0020] In general, the adhesive agent forming the adhesive 
layer 6' can be any adhesive agent capable to adhere, at 
least temporarily, the reinforcing fibers 2 the supporting 
sheet 4 therebetween, however preferably an adhesive agent 
capable to convey, by means of the matrix 6, the 
reinforcing effect of the fibers to the adhesive layer as 
well is utilised. Accordingly, preferably a resin having a 
good mutual solubility with the matrix resin 6 should be 
utilised in the adhesive layer 6' . For instance, when using 
an epoxy resin as matrix resin, an epoxy-type adhesive 
agent is to be preferred. The thickness of the adhesive 
layer 6' can be selected within a 5~100ytm range, preferably 
within a 10~30pm range, since it should temporarily adhere 
the reinforcing fiber 2 and the supporting sheet 4 
therebetween. 

[0021] The reinforcing fibers 2 are obtained by converging 
filaments into fiber bundles by means of a converging agent 
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or of a slight twisting thereof. Those bundles are lined 
up, and adhered, slightly scattered thereamong, onto the 
adhesive layer 6' by means of a downward pressure applied 
thereon. The reinforcing fibers 2 thus obtained, laminated 
in several layers by means of a twisting or converging 
agent and oriented in one direction, are adhered onto the 
supporting sheet by means of an adhesive layer 6' . Thus, 
the desired reinforcing fiber sheet 1 is obtained. 
[0022] In this case, as shown in Fig. 3 (a) , the 
reinforcing fiber 2 can be formed by lining up the 
reinforced fiber bundles 2' onto the supporting sheet 4 by 
means of the adhesive layer 6' . Said fiber bundles 2' are 
oriented in one direction and horizontally closely packed 
thereamong. Then, as shown in Fig. 3 (b) , the lower portion 
of the reinforcing fiber bundles is adhered onto the 
supporting sheet 4 1 by means of the adhesive layer 6', by 
exerting a downward pressure onto the fiber bundles 2', 
thereby closely adhering the bundles without horizontal 
spacing thereamong onto the supporting sheet 4. 
Alternatively, as shown in Fig. 4 (a), the reinforcing 
fiber 2 can likewise be formed by lining up the reinforced 
fiber bundles 2' onto the supporting sheet 4 by means of 
the adhesive layer 6' , but with the fiber bundles 2' 
oriented in one direction and horizontally loosely packed 

1 [PUNTO TRAT&ZICNI'S NOTE: Thn original, mistakenly reports t h~ reference No. 2 
J 
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thereamong, and by adhering the lower portion of the 
bundles 2' onto the sheet 4 by exerting a downward pressure 
thereon, thereby forming horizontal spacing thereamong, as 
shown in Fig. 4 (b) . 

[0023] Fiber bundles 2' wherein the opening among the 
comrade fibers, i.e. the comrade filaments, has been 
carried out or not can be utilised. The amount of pressure 
to be exerted onto the fiber bundles can be set at will. 
However, when e.g. carbon fibers are utilised as 
reinforcing fiber 2, in case of carbon fiber bundles in 
which about 12000 filaments having a 5~15pm diameter are 
converged, the bundles will be pressed in order to attain 
an approximate horizontal width of 5 mm. 

[0024] As shown in Fig. 5, a reinforcing fiber sheet 1 thus 
made is adhered onto a front or rear side of the fragile 
plate material 100. Said plate material 100 has a primer 
6' 9 , made of the same resin type of the matrix resin 6, 
applied thereon. The sheet 1 should face the fragile plate 
material 100 at the side provided with the reinforcing 
fibers 2. Preferably, a primer 6'' could be applied onto 
the fragile plate material 100 surface prior to the 
positioning of the reinforcing fiber sheet 1. 
[0025] Furthermore, the matrix resin 6 is applied by means 
of a spreading roller or the like at the supporting sheet 4 
side, positioned onto the outer side of the sheet 1 lying 
onto the fragile plate material 100. Thus, the matrix resin 
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6, seeps through the supporting sheet 4, until reaching the 
reinforcing fiber 2. Then, always maintaining the resin- 
impregnated reinforcing fiber sheet 1 pressed onto the 
fragile plate material 100 with suitable means, the matrix 
resin 6 is thermally hardened. 

[0026] Thus, the composite plate material 100 is 
manufactured as shown in Fig, 1, laminating therebetween 
the first fiber-reinforced resin layer 102, formed 
impregnating with the resin 6 the reinforcing fibers 2 
oriented in one direction, and the second fiber-reinforced 
resin layer 104, formed impregnating with the resin 6 the 
reinforcing fibers interwoven into a cloth, onto a side of 
the fragile plate material 100. 

[0027] The instance in which an individual reinforcing 
fiber sheet 1 is laminated onto a fragile plate material 
has been disclosed in the preceding embodiment, however, 
several sheets can be laminated in order to satisfy 
specific needs. In this instance the laminated reinforcing 
fiber sheets 1 can be oriented so that the respective 
directions of the reinforcing fibers 2 oriented in one 
direction differ thereamong. Moreover, although in the 
present embodiment the reinforcing fiber sheet 1 was 
attached to the fragile plate material 100 from the side of 
the reinforcing fiber 2 oriented in one direction, the 
reinforcing fiber sheet 1 could also be attached to the 
fragile plate material 100 from the side of the supporting 
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sheet 4. 

[0028] Furthermore, according to another embodiment of the 
present invention, initially the matrix resin 6 is applied 
onto the reinforcing fibers 2 oriented in one direction or 
onto the supporting sheet 4 of the reinforcing fiber sheet 
1, by means of a suitable application device such as a 
spreading roller, a brush, a sprayer or the like. Then, a 
single, or .a suitable number of, reinforcing fiber sheet 1 
is attached and laminated onto the fragile plate material, 
which, in order to satisfy specific needs, can be provided 
with a primer, from the side thereof where said resin has 
been applied. Subsequently, the matrix resin can also be 
applied onto the outer surface of the reinforcing fiber 
sheet 1 with a hand roller or the like, and the 
impregnation of the sheet 1 can take place. 
[0029] In the present invention, heating means can 
advantageously be made superfluous when a resin hardening 
at room temperature is utilised as matrix resin, e.g., an 
epoxy resin hardened at room temperature by adjusting the 
rate of a hardening agent. 

[0030] In comparison with the known manufacture of 
composite plate material carried out by laminating pre- 
impregnated layers, the above-disclosed manufacture of a 
composite plate material 10 according to the present 
invention advantageously allows simpler pressurising and 
heating means of the fragile plate material 100, thereby 
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easing the entire process. Moreover, the reinforcing fiber 
sheet 1 can be fittingly applied onto the contour of the 
fragile plate material 100 even when the surface of the 
latter is curved, because it has been applied prior to the 
impregnation with the matrix resin 6. Hence, a good 
machinability, as well as a flawless positioning thereof 
are provided, 

[0031] Hereinafter, a more detailed description of the 
composite plate material 10 according to the present 
invention will be provided. 
[0032] Embodiment example 1 . 

A ceramic plate (600x600 mm, 4 mm thick) is utilised as 
fragile plate material 100, the related reinforcing fiber 
sheet 1 being implemented as follows: 

[0033] A 30ja wide glass cloth (product name: KS-1020, 
manufactured by Kanebo Co. ltd.) is utilised as the 
supporting sheet 4, onto which a mere 20g/m 2 of epoxy resin 
is applied as adhesive layer 6' . 

[0034] As reinforcing fiber 2, PAN type 7 . 0|xm diameter 
carbon fibers (product name T-300, manufactured by Tore 
Co. ltd.) are utilised. Said carbon fibers are bundled 
together with 12000 filaments per bundle, and arranged onto 
the aforementioned supporting sheet 4 with a 4 . 6 mm 
spacing, then the reinforcing fiber bundles 2' are pressed 
downwards until a 5 mm horizontal width thereof is 
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attained, and the reinforcing fibers 2 are arranged onto 
the supporting sheet 4, equally spaced thereamong. 
[0035] A primer is applied onto a surface of the 
aforementioned fragile plate material 100, then the 
aforementioned reinforcing fiber sheet 1 is attached onto 
said surface, facing the material 100 with the carbon 
fibers 2 of the sheet 1. Moreover, the matrix resin 6 is 
applied at the side the supporting sheet 4 by means of a 
spreading roller, impregnating it until reaching the 
reinforcing fibers 2. As matrix resin 6 a type of epoxy 
resin hardening at room temperature (product name: FR 
resin, manufactured by Tonen Co. ltd) is utilised. 
[0036] After 24 hours under the abovedisclosed conditions 
the matrix resin 6 is hardened. The reinforcing 
fibers/matrix resin ratios in the first and second fiber- 
reinforced resin layers 102, 104 of the composite plate 
material 100 thus made, expressed as percentage by weight, 
are the following: 

in the first fiber-reinforced resin layer 102, 
reinforcing fibers 40%, matrix resin 60%; 
in the second fiber-reinforced resin layer 104, 
reinforcing fibers 30%, matrix resin 70%; 

furthermore, the thicknesses of the first and second fiber- 
reinforced resin layers 102, 104 are Ti=320jim and T 2 =60|im, 
respectively. 

[0037] A bending test was carried out on said composite 
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plate material 10 by the present inventors. Such composite 
plate material 10 displayed a 2.4 kgf/mm 2 bending strength, 
i.e. 6.7 times greater than the bending strength of the 4 
mm wide ceramic plate 100 (0.36 kgf/mm 2 ). Moreover, with 
regard to the shock resistance of the composite material, 
the non-reinforced ceramic plate broke, whereas the 
composite plate material of this embodiment, formed 
according to the present invention, did not. 
[0038] Furthermore, the present inventors carried out a 
bending test of the present embodiment, slicing a 15x20 mm 
testing specimen of the composite plate material 10, 
providing the reinforcing fiber 2 longitudinally oriented 
in one direction to be lined up; said testing specimen was 
positioned onto two supporting rods having a 2 mm radius 
spaced of 100 mm therebetween, and a 5 mm radius head was 
pushed onto the median portion of said testing specimens by 
means of a 3.5 mm thickness Teflon plate, and pressed 
thereon with a 2 mm/min head speed. 

[0039] Further, the present inventors carried out a shock 
resistance test onto the composite plate material 10, 
positioning it onto two supporting rods having a 2 mm 
radius and spaced of 100 mm therebetween, located 
longitudinally to the reinforcing fibers 2 oriented in one 
direction, and dropping a 500g steel ball from a 300 mm 
height onto the median section of said testing specimen. 
[0040] Comparative example 1 
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The glass cloth utilised in the previous embodiment was 
attached onto a surface of the same ceramic plate material 
100 of the previous embodiment, and a composite plate 
material was manufactured, impregnating it with the same 
epoxy resin of the room temperature hardening type already 
utilised in the previous embodiment. After 24 hours under 
the above conditions the matrix resin 6 was hardened. 
[0041] The reinforcing fiber cloth/matrix resin ratio in 
the fiber-reinforced resin layer of the composite plate 
material thus manufactured, expressed as percentage by 
weight, is the following: 

reinforcing fibers 40%, matrix resin 60%; 
furthermore, the thickness of the fiber-reinforced 
composite resin layer is of 320jom. 

[0042] Bending strength and shock resistance tests were 
also carried out by the present inventors on such composite 
plate material, adopting the same testing method of the 
previous embodiment. This composite plate material did not 
break during the shock resistance test, however, with 
regard to the bending strength test, it displayed only a 
1.0 kgf/mm 2 bending strength , 2.8 times that of the single 
ceramic plate material (0.36 kgf/mm 2 ), showing a 
reinforcing effect lower than the one displayed in the 
previous embodiment . 

[0043] Comparative example 2 

The same carbon fiber bundles utilised in the embodiment 1 
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were positioned, with a 4.6 mm spacing thereamong, onto the 
same ceramic plate material 100 of the previous embodiment, 
and a downward pressure was exerted onto each bundle until 
a 5 mm horizontal width and an equal arrangement thereamong 
was attained. Then the composite plate material was formed, 
impregnating the carbon fibers with the same epoxy resin of 
a type hardening at room temperature utilised in the 
previous embodiment. After 2 4 hours under the above 
conditions the matrix resin 6 was hardened. 
[0044] The reinforcing fiber/matrix resin ratio in the 
fiber-reinforced resin layer of the composite plate 
material thus manufactured, expressed as percentage by 
weight, is the following: 

reinforcing fibers 40%, matrix resin 60%; 
furthermore, the thickness of the fiber-reinforced 
composite resin layer is of 320|im. 

[0045] Bending strength and shock resistance tests were 
also carried out by the present inventors on this composite 
plate material, adopting the same testing method of the 
previous embodiment. With regard to the bending strength 
test, this composite plate material displayed a (2.5 
kgf/mm 2 ) bending strength , 6.9 times that of the non- 
reinforced ceramic plate material (0.36 kgf/mm 2 ), but as it 
broke during the shock resistance test, it did not provide 
a satisfactory reinforcing effect. 

[0046] 
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[EFFECT OF THE PRESENT INVENTION] The composed plate 
material according to the present invention manufactured a 
hereto disclosed can display a sufficient shock resistance 
and bending strength even when the thickness of a fragile 
plate material is not larger than 5 mm, and improves the 
handling convenience and reduces the weight. Moreover, by 
virtue of the manufacture of the composite plate material 
according to the present invention, the heating and 
pressurising means are simplified, thereby allowing a 
highly versatile manufacture, that can easily be 
implemented even in case of curved fragile plate materials 
[BRIEF EXPLANATION OF THE DRAWINGS] 

[Fig. 1] is a sectional view of the structure of the 
composite plate material of an embodiment according to the 
present invention . 

[Fig. 2] is a sectional view of the structure of the 
reinforcing fiber sheet utilised in the manufacture of the 
composite plate material according to the present 
invention. 

[Fig. 3] is a sectional view of the structure of the 
reinforcing fiber sheet, illustrating the manufacture 
thereof. 

[Fig. 4 J is a sectional view of the structure of the 
reinforcing fiber sheet, illustrating the manufacture 
thereof. 

[Fig. 5] is a sectional view of the structure of the 
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composite plate material according to the present 
invention, illustrating the manufacture thereof. 
[REFERENCE NUMBERS] 



1 Reinforcing fiber sheet 

2 Reinforcing fibers oriented in one direction; 

4 Reinforcing fiber cloth (supporting sheet) ; 

6 Matrix resin; 

6' Adhesive layer; 

6" Primer; 

100 Fragile plate material; 

102 First fiber-reinforced resin layer; 

104 Second fiber-reinforced resin layer; 
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